Cross-layer optimization based on maximizing the utility of network robot 5G multimedia sensor network is a systematic method for cross-layer design of wireless networks. It abstracts the functional and performance requirements of the layers in the protocol stack into objective functions and constraints in mathematical optimization problems. In this article, the cross-layer optimization problem of wireless Mesh networks using multi-radio interface multi-channel technology is studied. The optimization problem is modelled based on the network utility maximization method, and the corresponding algorithm is proposed. Based on the random network utility maximization method, the cross-layer optimization model of network robot 5G multimedia sensor network is established. Aiming at the time-varying randomness of random data flow and wireless propagation environment in network robot 5G multimedia sensor network, a model of joint congestion control and power control based on chance constrained programming is proposed, and its genetic algorithm is used to verify it. Reforming research will help speed up the practical pace of the field, with certain theoretical forward-looking and practical value.
Introduction
Multimedia sensor networks (MSNs) are distributed sensing networks consisting of a set of multimedia sensing nodes with computing, storage and communication capabilities. [1] [2] [3] It uses the multimedia sensor on the node to sense the various media (audio, video, image, numerical value, etc.) information of the surrounding environment and transmits the data to the information aggregation centre through the multi-hop relay method. The convergence centre analyses the monitoring data to realize comprehensive and effective environmental monitoring.
With the increasing scale of data sets and the increasing demand for real-time data processing, and more reliance on large-scale and long-term data storage, [4] [5] [6] 5G technology can play its powerful role only when it is used in conjunction with the next generation of robots equipped with electric servo motors, sensors and other advanced hardware. As robots become more sophisticated and take over more tedious work in factories, the demand for small, efficient motors will increase. Due to the high emphasis on artificial intelligence (AI), machine learning and advanced processing algorithms, [7] [8] [9] 4G has been difficult to keep up with this demand. Robots can perform more tasks than monotonous tasks, but sometimes they need to learn new tasks or instructions and make decisions without human intervention. [10] [11] [12] 5G technology data return is more efficient. At present, the downlink peak speed of 5G is 20 Gbps, which is 20 times faster than that of Gigabit 4G network, so it will make the robot more efficient and rapid in receiving information and task instructions in the process of using. To know that in general, 5G network delay to 1 ms, for humans to respond to the time will reach 400 ms, so we can see that 5G compared to 4G network, end-to-end delay shortened by five times. After the popularization of 5G, the timeliness of data return will be greatly improved, and people can monitor and manage the robot's work in real time. At the same time, the characteristics of low latency will add a new form of work to the industrial field: remote operation. [13] [14] [15] In the past, every remote operation command needed data transmission to the manipulating machine, and the results were fed back through video. 5G technology can greatly reduce the transmission delay. The 1-2 ms interval is almost the same as the field operation. Like the recent rise of telemedicine surgery, low latency not only changes the pattern of time but also shortens the distance of space. 5G network is more flexible and end-toend. In fact, we all know that Wi-Fi communication mode has some shortcomings such as easy interference, switching and coverage. But after 5G appeared, eLTE technology 16, 17 based on 5G technology appeared in the process of factory application. It has relatively strong anti-interference ability. At the same time, 5G can also increase the connection of networked production equipment by 10-100 times, which means the coverage is more and more widespread. Widespread, which can help the robot application solutions to get better data analysis, but also to a certain extent to save the cost of network communications. 5G can be said to be the basic technology to realize cloud-based robots, and the emergence of 5G will have the characteristics of high bandwidth and low latency. Importantly, it can also put most of the computing in the cloud, which will be more secure and effective to ensure the computing data. 18, 19 It is important to know that when the robot is deployed and applied, the cloud, as a central control management platform, can be remotely controlled to reverse the robot control.
Due to the time-varying wireless channel of the network robot 5G MSN and the broadcast characteristics of the wireless medium, [20] [21] [22] [23] [24] the traditional layer-based network design could not fully exert the performance of the network, so it is not suitable for the design of wireless multi-hop network. In contrast, cross-layer design and optimization improves the performance of wireless networks by allowing different protocol layers to perceive changes in the wireless environment and coordinate and adaptively change protocol parameters. Although the idea of crosslayer design has been widely accepted, and many optimization theories and techniques [25] [26] [27] have also been introduced into cross-layer design, there are still many technical difficulties in specific network design, such as cross-layer interaction. The trade-off with hierarchical structure, complexity and optimal performance, trade-offs between different performance objectives, channel time-varying effects, integration of new technologies (such as network coding), and design of distributed algorithms. In this article, the cross-layer optimization problem of wireless Mesh networks using multi-radio interface multichannel technology is studied. The optimization problem is modelled based on the network utility maximization method, and the corresponding algorithm is proposed. Based on the random network utility maximization method, the cross-layer optimization model of network robot 5G MSN is established. Aiming at the time-varying randomness of random data flow and wireless propagation environment in network robot 5G MSN, a model of joint congestion control and power control based on chance constrained programming is proposed, and its genetic algorithm is used to verify it. Reforming research will help speed up the practical pace of the field, with certain theoretical forward-looking and practical value.
Cross-layer design and optimization algorithm
Network coding [28] [29] [30] has unique advantages in wireless networks. Due to the broadcast characteristics of the intelligent city 5G MSN, the node can detect the receiving node is not its own message; on the other hand, it can also encode a coded message (originated message from multiple different receiving nodes). Broadcast to multiple neighbour nodes is at the same time.
Cross-layer design of network coding in network robot 5G MSN Integrating network coding into existing network robot 5G MSN architectures is not easy. Network coding cannot be seen as an independent function of a specific network protocol layer. It may have a significant impact on the various functions of the current protocol layer, such as transport layer congestion control, network layer routing and media access layer scheduling. The optimal network control algorithm involves a joint design between network coding and various protocol layer functions.
According to the perspective of network optimization, many existing network protocols can be regarded as a distributed solution to solve some form of network utility maximization problem, which has been fully obtained in the reverse engineering of TCP protocol. Shao et al. 30 pointed out that the various congestion control mechanisms and variants of TCP/IP protocol are actually the basic network utility maximization problem of various different forms of utility functions. The various utility functions can be reverse engineered through TCP. TCP protocol for a specific congestion control mechanism. In addition, recent studies have also pointed out that border gateway protocols (BGPs) can be reverse engineered as a stable path problem (in the form of network utility maximization problem), 7 contention-media access control protocol (contentionbased medium access control) can be reverse engineered to maximize the selfish utility function based on game theory. 16, 31, 32 According to this idea, the existing network protocol can be modelled as a network utility maximization problem, and then mathematical Optimized knowledge is analysed and modified to optimize existing protocols. In fact, network utility maximization is used to improve and analyse transfer control protocol (TCP) congestion control. 33, 34 Table 1 lists some optimization goals. Existing network protocol designs are implicitly or explicitly used as one of their design goals. These optimization goals are also key performance indicators when designing protocols.
The basic form of basic network utility (Basic NUM) is as follows
The network design problem that the basic network utility maximization model can express is quite limited, so researchers such as Mung Chiang have proposed a more flexible generalized network utility maximization problem (Generalized NUM), which has the most published network utility. The research papers can be regarded as the result of the instantiation of the generalized network utility maximization model. The expressions are as follows
Considering the fairness of communication nodes, the fairness function has the following expression 
In summary, the entire cross-layer design algorithm is given in Table 2 .
According to the capacity limitation relationship, the sum of the rates of the data flows carried by any link should be less than the capacity of the link, that is, the following relationship is satisfied X s;l
Cross-layer design optimization algorithm A near-optimal distributed algorithm was designed by using the idea of relaxation and approximation first. This is a two-step solution. The first step is to relax the integer variables and constraints to obtain a convex programming problem. The solution to the convex programming problem can be used as an upper bound on the original problem. The second step is to design the approximation algorithm so that the results are as close as possible to the upper bound. To evaluate the effect of the method, this article compares the near-optimal solution obtained by the algorithm with the results obtained by the branch and bound method. The simulation results show that the result of the algorithm is close to the optimal result obtained by the branch and bound method.
To maintain the fairness of the throughput of each session stream, we can express the cross-layer design problem of the network robot 5G MSN using OTIC network coding as the following optimization problem
In the queue model used by the cross-layer algorithm, each node maintains a queue for each aggregated stream. In contrast, in the designed queue model, each node maintains multiple queues for each aggregated stream.
Using the sub-gradient projection method to solve the dual problem, we can get 
In the actual network robot 5G MSN, we can use the queue length information of the above queue model instead of the dual variable to apply the obtained algorithm. Using the designed queue model in each node, we propose the following back pressure-based cross-layer optimization algorithm (Table 3) .
If the time average of the sum of the queue lengths satisfies the following conditions
The algorithm is a kind of heuristic stochastic optimization algorithm with excellent performance. The positive feedback mechanism is used to realize distributed global optimization. The pheromone is continuously updated to finally converge on the optimal path, which can be applied to the global optimization of single target and multi-target. The combination of optimal optimization of routing in the communication network, its inherent parallel computing characteristics are conducive to the implementation of decentralized control, can greatly improve the reliability and robustness of the system to enhance the ability of the communication network to adapt to unexpected events such as transmission failures and sudden business. The algorithm does not need to perform a large number of probability calculations or build complex mathematical models for system prediction and does not impose a lot of burden on the network signal system, which is easy to implement. The algorithm does not depend on the mathematical description of the specific problem and has a strong global optimization capabilities.
It can be assumed that the network route has been established by a certain multi-path routing protocol, and the route discovery process may be earlier than the channel allocation. In this case, the route discovery process may be completed by using a common channel or other related technologies, and the entire network includes P aggregated links.
With the above settings, the optimization model is constructed according to the characteristics of the network. Each wireless link in the network obviously can occupy at most one channel at any time, so there are
The out-degree and in-degree of a node, that is, the number of transmitting links and receiving links and the number of wireless interfaces that cannot exceed the node, are for any node i X p jAL p j f l ; 8l ð10Þ
In summary, the following forms of convex optimization problems can be obtained
Since the Lagrangian function L is a separable form, the problem can be solved by calculating the respective Table 3 . Cross-layer optimization algorithm.
Node n runs the following algorithm locally 1) First node. Initialize its corresponding with any non-negative value a l ð0Þ; b n ð0Þ. 2) Node. Locally solve the optimization sub-problem to get the transmission rate r s;d ðtÞ. 3) Node. Get sub-problems locally based on their priority E n l ðtÞ and notify the neighbour node of the result. 4) According to the iterative update, get a l ðt þ 1Þ, and the value of a l ðt þ 1Þ is sent to the corresponding source node of each data stream that routes through the link. 5) Get b n ðt þ 1Þ based on iterative update and send b n ðt þ 1Þ value to all its neighbours. 6) t ¼ t þ 1, if the convergence condition is met, the algorithm ends: otherwise (2) 
The node cost size order is prioritized, the node with the larger node cost preferentially selects the available channel, and then the node with the second largest node cost selects the available channel, and then continues until all nodes are selected. To achieve this goal, each node needs to know the node cost of other nodes in the network, which can be achieved through broadcasts throughout the network, but this will incur a large amount of communication overhead, especially when the network size is large. On the other hand, if each node only needs to know the information of its neighbour nodes, the communication overhead will be greatly reduced. Of course, after such processing, the corresponding channel allocation result may not be optimal because global information is not obtained. In many cases, it is often worthwhile to lose a small amount of performance in exchange for a significant reduction in overhead.
Expectation value modelling is the most natural idea in random programming, which replaces the mathematical expectation of random variables with the random variables themselves. Since the mathematical expectation of random variables is a common variable, stochastic programming becomes a deterministic plan with integrals after processing the expected values.
The network robot 5G MSN can provide a variety of network applications. The network carries a variety of service flows, and the characteristics of various network flows are also different. For some TCP data streams that require longterm high-traffic connections, such as file transfer, the controllability is good, and the congestion control mechanism can be used to adjust the network injection rate. The third chapter combines the congestion control mechanism of this type of data stream with the power control of network robot 5G MSN. However, there are some uncontrollable data streams in the network robot 5G MSN, such as multimedia data streams based on user datagram protocol (UDP) protocol and some short-lived data streams (such as web mice data stream), bursts caused by application layer protocols. The process is of arriving at the sex package and so on. Such data streams do not need to be controlled due to short time or service characteristics, so that in addition to the controllable data stream, there are some uncontrollable data streams in the network, and their traffic is randomly changed.
Adding two random factors in the cross-layer optimization will more accurately reflect the network state. The first point is to add the unmeasured traffic in the network to the model, that is, how to determine the optimal injection rate when there is random traffic, which can be regarded as the second level is to add environmental noise random variables, and the wireless channel capacity is more realistically modelled, so that the calculation model of optimal power allocation is closer to reality, which can be regarded as channel-level random. The goal of optimization is to maximize the utility of the entire network, that is, to solve the optimization problem.
Simulation
The simulation experiment is carried out in a network robot 5G MSN consisting of nine communication nodes. The network is a tree structure. The spanning tree construction algorithm is similar to the IEEE 802.1 D spanning tree algorithm. The gateway node of the network is generated. The root is of the tree. Each node uses an uplink NIC to connect its parent node and multiple downlink NICs to connect its child nodes. For a given node, the channel used by its uplink NIC is specified by the parent node. Let the experimental network have four orthogonal channels a, b, c, d. In addition, there are three random data streams in the network (as shown in Table  4 ), which are subject to the uniform distribution in the interval, 2, 3, 6 the exponential distribution with the parameter of 0.4, and the normal distribution of N(2, 0.4). The confidence intervals for each link are set to 0.7, 0.8 and 0.9 respectively.
Because the form of the problem is more complicated, it is difficult to transform into a deterministic plan, so the cross-layer design optimization algorithm is used to solve it. Figure 1 is an iterative convergence process of the algorithm when the link confidence level is 0.7. The horizontal axis in the figure represents the iterative step, and each point represents the best fitness in all chromosomes of an iterative step. As can be seen from the figure, the whole process gradually converges to the optimal value. Figure 1 is the group distance of each chromosome of each algorithm when the link confidence level is 0.7. When the initial population is selected, it needs to be universal and representative, so its group distance is large. With the iteration, the chromosomes are more the closer to the optimal solution, the smaller the group distance is until it approaches zero. Similarly, Figure 2 show the iterative convergence process and group distance of the algorithm when the link confidence level is 0.8; Figure 3 shows the iterative convergence process and group distance of the algorithm when the link confidence level is 0.98.
When the confidence level is increased, that is, when the transmission reliability requirement is increased, the data stream will be appropriately reduced in rate to ensure smooth link. Obviously, the low rate is more likely to be supported by the link under the influence of random noise (including the randomness of wireless propagation and network flow), which is consistent with the intuitive imagination. The network injection rate is at the high link confidence level. It should be more conservative, and the network throughput will drop. Antisense, when the link confidence level is low, the data rate increases, causing the network throughput to rise (as shown in Table 5 ). Correspondingly, the transmit power of each node will also be adjusted accordingly to adapt to the change of data rate (as shown in Table 6 ).
Based on the opportunity constrained programming, the cross-layer optimization model of the network robot 5G multimedia network is established by using the random network utility maximization. Firstly, a brief introduction to the maximization of random network utility is given. Then the theory and application of stochastic optimization, especially opportunity constrained optimization, are expounded. This kind of optimization problem can be transformed into deterministic programming solution according to structural characteristics, or it can be solved by evolutionary algorithm such as design optimization algorithm. Aiming at the random factors of random data flow in the network robot 5G multimedia network and the time-varying nature of the wireless propagation environment, some uncontrollable data streams and time-varying characteristics of the wireless propagation environment in the network robot 5G multimedia network are modelled as random variables. A model of joint congestion control and power control based on chance constrained programming is simulated and verified. The results are analysed. The calculation results reflect the quantitative constraint relationship between network throughput and link confidence level.
Conclusion
5G not only enables it to design robots that can communicate with other robots or human employees in real time but also enables some of them to learn new tasks through direct observation or computer programs. 5G will also help reduce the cost of robots in the workplace and at home and make them cheaper.
The cross-layer optimization problem of multi-radio interface multi-channel intelligent city 5G multimedia network is considered. The problem is modelled by using network utility maximization, and the corresponding solution algorithm is proposed. It mainly includes three major parts: multi-channel intelligent city 5G multimedia network cross-layer optimization combined with rate control and power allocation, and cross-layer optimization of wireless network random factors. It provides power control, channel allocation and wireless for network robot 5G multimedia network. Joint optimization modelling of interface allocation and wireless link scheduling has been studied.
The cross-layer optimization problem of joint congestion control and channel allocation is modelled as a mixed integer nonlinear programming problem. Firstly, the crosslayer optimization problem of joint congestion control and channel allocation in multi-radio multi-channel network robot 5G multimedia network with single routing is modelled as a mixed integer nonlinear programming problem, which is solved by Lagrangian dual decomposition technique. Decomposed into multiple sub-problems, and finally solved the sub-problems to obtain the corresponding nearoptimal distributed algorithm. The simulation experiment proves that the distributed algorithm can achieve good approximation effect, and the corresponding communication overhead is also small.
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